The aim of the present study was to evaluate in vitro the effect of some prebiotic substances and 2 dietary protein levels on the composition and activity of feline fecal microbiota. Two in vitro studies were conducted. First, 6 nondigestible oligosaccharides were studied; treatments were control diet (CTRL), gluconic acid (GA), carrot fiber (CF), fructooligosaccharides (FOS), galactooligosaccharides (GOS), lactitol (LAC), and pectins from citrus fruit (PEC). Substrates were added to feline fecal cultures at 2 g/L for 24 h incubation. Compared with the CTRL, ammonia had been reduced (P < 0.05) by GOS (-9%) after 6 h and by GA (-14%), LAC (-12%), and PEC (-10%) after 24 h. After 24 h, all treatments had resulted in a lower pH versus the CTRL. Putrescine concentrations at 24 h were greater (P < 0.05) in cultures treated with FOS (+90%), GOS (+96%), and LAC (+87%). Compared with the CTRL, total VFA were higher (P < 0.05) in bottles containing CF (+41%), whereas the acetic to propionic acid ratio was reduced by LAC (-51%; P < 0.05). After 24 h, Enterobacteriaceae had been reduced (P < 0.05) by LAC and PEC. In a second study, LAC and FOS were selected to be tested in the presence of 2 diets differing in their protein content. There were 6 treatments: low-protein (LP) CTRL with no addition of prebiotics (CTRL-LP), high-protein (HP) CTRL with no addition of prebiotics (CTRL-HP), LP diet plus FOS, CTRL-HP plus FOS, LP diet plus LAC, and CTRL-HP plus LAC. Both FOS and LAC were added to feline fecal cultures at 2 g/L for 24 h incubation. Ammonia at 24 h was affected (P < 0.05) by the protein level (36.2 vs. 50.2 mmol/L for LP and HP, respectively). The CTRL-HPs resulted in a higher pH and increased concentrations of biogenic amines were found after 6 and 24 h of incubation (P < 0.05); putrescine at 24 h showed an increase (P < 0.05) in cultures treated with FOS. Total VFA were influenced (P < 0.05) by the protein level (40.9 vs. 32.6 mmol/L for LP and HP, respectively). At 24 h, the CTRL-HPs were associated with increased Clostridium perfringens and reduced Lactobacillus spp. and enterococci counts (P < 0.05). The results from the present study show that different prebiotics exert different effects on the composition and activity of feline intestinal microbiota and that high dietary protein levels in a cat's diet can have negative effects on the animal intestinal environment.
INTRODUCTION
It is well known that intestinal microbiota has an important influence on the health of mammals, as it modulates the immune system and provides resistance against pathogens (Hooper et al., 2001; Suchodolski, 2011) . Among the dietary strategies that can be used to exert a positive influence on intestinal microbiota, supplementation with prebiotic substances has been widely studied. In humans, fructooligosaccharides (FOS) and other nondigestible oligosaccharides (NDO) modulate immune function (Lomax and Calder, 2009 ) and increase beneficial intestinal bacteria that are able to inhibit pathogenic bacteria and even decrease the production of carcinogenic substances (Kumar et al., 2012) . Similarly, beneficial effects of NDO on intestinal health have been seen in several animal species (Callaway et al., 2012) , including dogs (Barry et al., 2009) , pigs (Bird et al., 2009) , and poultry (Hajati and Rezaei, 2010) .
Cats are obligate carnivores that consume diets containing high levels of protein but little or no vegetable matter. Nevertheless, the feline intestinal microbiota can be positively influenced by the administration of prebiotic substances (Barry et al., 2010; Biagi et al., 2013) . Another factor that seems to play a role in modulating the intestinal environment is represented by the amount of dietary protein. In fact, high-protein diets increase fecal numbers of potentially harmful bacteria and decrease populations of beneficial bacteria in kittens (Hooda et al., 2012) and adult cats (Lubbs et al., 2009) . Moreover, the intestinal microbiota of dogs can be influenced by protein quality, which depends among other things on the protein source and manufacturing process (Zentek et al., 2004) .
The aim of the present study was to evaluate in vitro the effect of some prebiotic substances and different dietary protein levels on the composition and activity of feline fecal microbiota.
MATERIALS AND METHODS
Over a 4-wk period, 4 healthy adult cats (female household European shorthair cats; average BW 4 kg; 5 yr of age [4-6 yr]) were fed the same commercial dry food for adult cats (COOP Italia, Bologna, Italy) based on the following ingredients: cereals, meat and meat byproducts, vegetable byproducts, fish byproducts, protein plant extract, oils and fat, minerals, and vegetables. The chemical composition of the diet (as fed) was the following: water at 63 g/kg, CP at 277 g/kg, ether extract at 94 g/kg, crude ash at 98 g/kg, starch at 397 g/kg, crude fiber at 33 g/kg, NDF at 258 g/kg, ADF at 50 g/kg, and ADL at 16 g/kg.
Two in vitro studies were conducted. Fresh feces were collected from the cats immediately after excretion, pooled, and suspended at 10 g/L in prereduced Wilkins Chalgren anaerobe broth. The fecal suspension was used to inoculate (100 mL/L) a prereduced medium prepared according to the method of Sunvold et al. (1995) . In each study, there were five 30-mL bottles (each 1 containing 21 mL of fecal culture) per treatment.
The same dry food that was fed to the cats used as fecal donors was digested in triplicate using the 2-step procedure proposed by Vervaeke et al. (1989) and modified (2 h incubation with HCl, pepsin, and gastric lipase followed by 4 h with pancreatin and bile salts) as described by Biagi et al. (2010) . After in vitro digestion, the undigested fraction was dried at 70°C until a constant dry weight was obtained (23.6 g residue from 100 g food DM) and its chemical composition was the following: CP at 135 g/kg, ether extract at 23 g/kg, starch at 56 g/kg, crude ash at 281 g/kg, NDF at 322 g/kg, ADF at 133 g/kg, and ADL at 53 g/kg.
In the first in vitro study, there were 7 treatments: 1) control diet (CTRL) with no addition of prebiotics, 2) gluconic acid (GA; D-gluconic acid sodium salt; Sigma Chemical, St. Louis, MO), 3) carrot fiber (CF; 140 g/kg soluble fiber and 780 g/kg insoluble fiber; Chimab Food Ingredients, Padova, Italy), 4) FOS (from partially hydrolyzed inulin from chicory with a degree of polymerization between 3 and 7; Beneo P95; BENEO-Orafti, Oreye, Belgium), 5) galactooligosaccharides (GOS; whey product containing 29% GOS and 36% lactose; Vivinal GOS 10; Friesland Foods Domo, Zwolle, the Netherlands), 6) lactitol (LAC), and 7) Pectin Classic CU201 (pectins from citrus fruit [PEC] with a degree of esterification between 70 and 74%; Herbstreith and Fox KG, Neuenbürg/ Württ, Germany). Substrates were added at a final concentration of 2 g/L. The bottles also contained the in vitro digested commercial dry food for cats at 20 g/L. These concentrations should reflect the amount of prebiotic that reaches the hindgut when it is included in a commercial extruded food for cats at a concentration of 10 g/kg. In fact, if we estimate that the typical coefficient of digestibility of DM of a commercial super premium dry food for cats is 0.9 and assuming that all the prebiotic will reach the large intestine, the ratio between the undigested food fraction (in vitro digested diet) and prebiotic in the hindgut will be approximately 10:1.
In the second study, FOS and LAC were selected to be tested in the presence of 2 different protein levels.
There were 6 treatments: 1) low-protein (LP) CTRL with no addition of prebiotics (CTRL-LP), 2) high-protein (HP) CTRL with no addition of prebiotics (CTRL-HP), 3) LP plus FOS, 4) HP plus FOS, 5) LP plus LAC, and 6) HP plus LAC. Both FOS and LAC were added at a final concentration of 2 g/L. The CTRL-LP was the same digested diet used as the CTRL during the first study (used at 20 g/L).
The CTRL-HP was obtained by mixing meat meal from cattle and swine (water at 7 g/kg, CP at 624 g/kg, ether extract at 95 g/kg, and crude ash at 239 g/kg) with the dry food in a 1 to 1 ratio (the calculated composition of this mixture was the following: water at 35 g/kg, CP at 460 g/kg, ether extract at 98 g/kg, crude ash at 172 g/ kg, and starch at 212 g/kg). This mixture was later digested after the in vitro procedure that was previously described. The chemical composition of the dried undigested fraction (46.5 g residue from 100 g DM) was the following: CP at 311 g/kg, ether extract at 46 g/kg, crude ash at 302 g/kg, and starch at 14 g/kg). The CTRL-HP was used at 40 g/L. The different amounts of the LP and HP dietary samples that were added to the bottles were intended to reflect the quantity of undigested food that reaches the feline hindgut when a cat is fed the CTRL-LP (in vitro digestibility of 76.4%) or the CTRL-HP (in vitro digestibility of 53.5%).
In each study, 5 bottles were prepared without any experimental substrate and with no addition of the digested food as a negative control. The pH of fe-cal cultures was adjusted to 6.7; bottles were sealed and incubated for 24 h at 39°C in an anaerobic cabinet (Anaerobic System; Forma Scientific Co., Marietta, OH; under an 85% N 2 , 10% CO 2 , and 5% H 2 atmosphere) and samples of fermentation fluid were collected from each bottle at 6 and 24 h for the determination of pH, ammonia, biogenic amines, and bacterial counts and at 24 h for VFA analysis. In the first study, biogenic amines were determined only after 24 h of fermentation.
Chemical and Microbiological Analyses
Analyses of commercial dry food, cattle and swine meat meal, and digested diets were performed according to AOAC International standard methods (AOAC, 2000; method 950.46 for water, method 954.01 for CP, method 920.39 for ether extract, method 920.40 for starch, method 942.05 for crude ash, and method 962.09 for crude fiber). Fiber fractions were determined according to the procedure described by Van Soest et al. (1991) , where NDF was assayed with a heat stable amylase and expressed inclusive of residual ash, ADF was expressed inclusive of residual ash, and lignin was determined by solubilization of cellulose with sulfuric acid.
Ammonia was measured using a commercial kit (Urea/BUN -Color; BioSystems S.A., Barcelona, Spain). Volatile fatty acids were analyzed by gas chromatography (Biagi et al., 2006) . For the determination of biogenic amines, samples were diluted 1:5 with perchloric acid (0.3 M); biogenic amines were later separated by HPLC and quantified through fluorimetry, according to the method proposed by Stefanelli et al. (1986) .
The fluorescence in situ hybridization technique was used to determine bacterial counts. For this purpose, ready-to-use commercial kits (BioVisible BV, Groningen, the Netherlands) containing specific fluorescein isothiocyanate (FITC)-labeled probes for the enumeration of enterococci (Enterococcus faecalis + Enterococcus faecium), Enterobacteriaceae, Clostridium perfringens, Bifidobacterium spp., and Lactobacillus spp. were used. The slides were evaluated with a Nikon Eclipse E-600 epifluorescence microscope (Nikon Instruments Europe BV, Amsterdam, the Netherlands ), equipped with an FITC-specific filter.
Statistical Analyses
In the first in vitro study, data were analyzed by 1-way ANOVA, with the Dunnett test as the posttest. In the second study, data were analyzed by 2-way ANOVA, with protein level and prebiotic as the main effects; the Newman-Keuls test was used as the posttest. In both studies, each bottle formed an experimental unit. Differences were considered statistically significant at P < 0.05. All the statistical computations were performed with Statistica 6.0 (Stat Soft Italia, Padova, Italy).
RESULTS

First In Vitro Study
The pH values at 6 and 24 h of incubation are shown in Table 1 . After 6 h of incubation, the pH level was reduced (P < 0.05) by GA (-0.09) and FOS (-0.15) versus the CTRL. At 24 h, the pH was lower than in the CTRL (P < 0.05) in all treated samples (-0.28 for GA, -0.11 for CF, -0.43 for FOS, -0.26 for GOS, -0.48 for LAC, and -0.52 for PEC).
The concentrations of ammonia and biogenic amines are shown in Table 1 . After 6 h of incubation, ammonia concentrations were lower (P < 0.05) in GOS bottles (-9%) than in the CTRL bottles. After 24 h, compared with the CTRL, ammonia was reduced (P < 0.05) by GA (-14%), LAC (-12%), and PEC (-10%); conversely, ammonia concentrations were greater (P < 0.05) versus the CTRL in bottles to which CF (+11%) had been added. After 24 h, putrescine concentrations were greater (P < 0.05) versus the CTRL in bottles containing FOS (+90%), GOS (+96%), and LAC (+87%).
The concentrations of VFA after 24 h of incubation are reported in Table 2 . Total VFA concentrations were greater (P < 0.05) than in the CTRL in bottles containing CF (+41%). Acetic acid proportion was reduced (P < 0.05) by FOS (-13%), GOS (-12%), and LAC (-17%). The proportion of propionic acid was increased (P < 0.05) by LAC (+8%). Compared with the CTRL, the proportion of n-butyric acid was increased (P < 0.05) by FOS (+13%), GOS (+15%), and LAC (+10%), whereas the acetic to propionic acid ratio was reduced by LAC (-51%; P < 0.05).
The bacterial counts after 6 and 24 h of incubation are shown in Table 3 . After 6 and 24 h of incubation, the counts of enterococci, lactobacilli, and bifidobacteria showed no significant variation attributable to treatment (P > 0.05; data not shown). Clostridium perfringens counts at 6 h were greater (P < 0.05) than in the CTRL in bottles containing CF (+1.5 log cells/mL), FOS (+1.9 log cells/mL), and LAC (+1.6 log cells/mL). After 24 h, compared with the CTRL, Enterobacteriaceae were reduced (P < 0.05) by LAC (-0.3 log cells/mL) and PEC (-0.4 log cells/mL).
Second In Vitro Study
The pH values at 6 and 24 h of incubation are shown in Table 4 . After 6 h of incubation, the pH was influenced (P < 0.05) by the protein level (6.74 vs. 6.94 for LP and HP, respectively) but not by the prebiotics. At 24 h, pH values had been influenced (P < 0.05) by both the protein level (5.94 vs. 6.42 for LP and HP, respectively) and the prebiotics (6.42 vs. 6.07 and 6.08 for CTRL vs. FOS and LAC, respectively).
The concentrations of ammonia are shown in Table 4 . After 24 h of incubation, ammonia concentrations were affected (P < 0.05) by the protein level (36.2 vs. 50.2 mmol/L for LP and HP, respectively).
The concentrations of biogenic amines are shown in Table 5 . After 6 h of incubation, the protein level had influenced (P < 0.05) concentrations of cadaverine (180 vs. 214 μmol/L for LP and HP, respectively), spermidine (38.6 vs. 73.8 μmol/L for LP and HP, respectively), and spermine (8.2 vs. 23.6 μmol/L for LP and HP, respectively). At 24 h, concentrations of putrescine were influenced (P < 0.05) both by the protein level (915 vs. 1,091 μmol/L for LP and HP, respectively) and the prebiotics (806 vs. 1,246 and 958 μmol/L for CTRL vs. FOS and LAC, respectively) whereas spermidine (37.1 vs. 54.6 μmol/L for LP and HP, respectively) and spermine (11.1 vs. 17.8 μmol/L for LP and HP, respectively) concentrations were influenced only by the protein level (P < 0.05).
Volatile fatty acids concentrations at 24 h are shown in Table 6 . Total VFA concentrations were influenced (P < 0.05) by protein level (40.9 vs. 32.6 mmol/L for LP and HP, respectively). Both the prebiotics and protein level significantly (P < 0.05) influenced the proportions of acetic acid (42.7 vs. 38.5% for LP and HP, respectively, and 47.1 vs. 41.0 and 33.7% for CTRL, FOS, and LAC, respectively), propionic acid (25.7 vs. 21.3% for LP and HP, respectively, and 20.6 vs. 20.3 and 29.5% for CTRL, FOS, and LAC, respectively), isobutyric acid (1.61 vs. 3.07% for LP and HP, respectively, and 3.25 vs. 1.54 and 2.23% for CTRL, FOS, and LAC, respectively), n-butyric acid (28.4 vs. 34.9% for LP and HP, respectively, and 26.1 vs. 35.9 and 33.0% for CTRL, FOS, and LAC, respectively), and isovaleric acid (1.44 vs. 2.25% for LP and HP, respectively, and 2.71 vs. 1.22 and 1.61% for CTRL, FOS, and LAC, respectively). Table 1 . The pH values and concentrations of ammonia (mmol/L) at 6 and 24 h and biogenic amines (μmol/L) at 24 h of an in vitro incubation of a feline fecal inoculum with a control diet to which different prebiotic substrates were added 1,2 2 CTRL = control diet; GA = gluconic acid; CF = carrot fiber; FOS = fructooligosaccharides; GOS = galactooligosaccharides; LAC = lactitol; PEC = pectins from citrus fruit.
3 Significant difference from CTRL (P < 0.05). 2 CTRL = control diet; GA = gluconic acid; CF = carrot fiber; FOS = fructooligosaccharides; GOS = galactooligosaccharides; LAC = lactitol; PEC = pectins from citrus fruit; C2:C3 = acetic acid:propionic acid ratio; C2+n-C4:C3 = acetic acid plus n-butyric acid:propionic acid ratio.
3 Significant difference from CTRL (P < 0.05).
Bacterial counts after 6 and 24 h of incubation are shown in Table 7 . At 6 h, the protein level was associated with a difference (P < 0.05) in the counts of C. perfringens (7.21 vs. 6.60 log cells/mL for LP and HP, respectively), Lactobacillus spp. (4.66 vs. 4.35 log cells/mL for LP and HP, respectively), and enterococci (7.33 vs. 6.66 log cells/ mL for LP and HP, respectively). After 24 h of incubation, the counts of Enterobacteriaceae showed an influence (P < 0.05) of the prebiotics (8.77 vs. 9.27 and 8.91 log cells/mL for CTRL vs. FOS and LAC, respectively), whereas the counts of C. perfringens (5.85 vs. 6.40 log cells/mL for LP and HP, respectively), Lactobacillus spp. (4.22 vs. 3.74 log cells/mL for LP and HP, respectively), and enterococci (7.32 vs. 6.86 log cells/mL for LP and HP, respectively) differed in relation to the protein level (P < 0.05). Bifidobacteria counts were not influenced by treatment (P > 0.05; data not shown) and averaged 5.96 and 5.69 log cells/mL at 6 and 24 h, respectively.
DISCUSSION
The present study consisted of 2 in vitro experiments. The first experiment investigated the effect of different NDO on the metabolism of feline fecal microbiota.
In general, the reduction of intestinal pH is a positive outcome, as a more acidic environment might protect against undesirable and pathogenic bacteria and converts ammonia into ammonium ions, which are not absorbable (McQuaid, 2005) . Fermentation of carbohydrates by bacteria results in the production of VFA and lactic acid, which reduce intestinal pH. In our study, all tested substrates resulted in a lower pH compared with the CTRL, but only CF significantly increased total VFA production after 24 h of incubation. Nevertheless, the presence of some of the tested prebiotics had a clear influence on VFA patterns. Compared with the CTRL, LAC significantly reduced acetic acid and increased propionic and n-butyric acid proportions. Similarly, the fermentation of FOS and GOS resulted in lower acetic acid and higher n-butyric acid versus the CTRL. Conversely, Biagi et al. (2013) observed that the administration to adult cats of GOS at 10 g/ kg of diet in combination with a strain of Bifidobacterium pseudocatenulatum resulted in greater fecal concentrations of acetic acid. In another study with adult cats (Barry et al., 2010) , the use of FOS at 40 g/kg of diet significantly increased fecal concentrations of acetic and n-butyric acids. Kanakupt et al. (2011) similarly reported that cats fed a mixture of FOS (5 g/kg of diet) and GOS (5 g/kg of diet) had greater fecal concentrations of acetic and n-butyric acids. However, in another study (Hesta et al., 2001) , VFA fecal concentrations were not affected in cats receiving FOS at 30 g/kg of diet. Despite some discrepancies in the Table 3 . Bacterial counts (log cells/mL) at 24 h of an in vitro incubation of feline fecal inoculum with a control diet to which different prebiotic substrates were added 1,2 2 CTRL = control diet; GA = gluconic acid; CF = carrot fiber; FOS = fructooligosaccharides; GOS = galactooligosaccharides; LAC = lactitol; PEC = pectins from citrus fruit.
3 Significant difference from CTRL (P < 0.05). literature, there is enough evidence that feeding specific NDO such as FOS and LAC to adult cats may result in greater intestinal concentrations of n-butyric acid, thus improving intestinal health because this acid is the main energy source for the epithelial cells of the terminal ileum (Chapman et al., 1995) and hindgut (Roediger, 1980) . Interestingly, in none of the cited studies with cats did the use of FOS increase fecal propionic acid. In dogs, the fermentation of FOS resulted in greater concentrations of not only n-butyric acid (Swanson et al., 2002a; Propst et al., 2003) but also propionic acid, both under in vitro (Biagi et al., 2010) and in vivo (Swanson et al., 2002b; Flickinger et al., 2003) conditions, presumably as the result of lactate conversion by lactate utilizers (Ushida et al., 2002) . The different VFA patterns that have been observed when FOS were studied in cats or dogs might be the consequence of species-specific differences in the composition of the animals' intestinal microbiota; however, differences in the composition of the basal diets fed to cats and dogs might also influence the type and quantity of metabolites that are produced by the intestinal microbiota. According to the definition given by Roberfroid (2007) , prebiotics are nondigestible substances that are added to an animal's diet to provide a source of energy for beneficial bacterial strains residing in the hindgut. The presence of prebiotic substances in the hindgut may therefore prevent the energy limitation that leads to increased proteolysis and consequent release of toxic substances, such as Table 5 . Concentrations of biogenic amines (μmol/L) at 6 and 24 h of an in vitro incubation of feline fecal inoculum based on diets with different protein levels and in the presence of prebiotic substrates 1,2 1 Values are the means of 5 bottles per treatment. Concentrations of n-valeric acid were below the detection limit.
2 CTRL = control diet; LP = low protein; HP = high protein; FOS = fructooligosaccharides; LAC = lactitol; C2:C3 = acetic acid:propionic acid ratio; C2+n-C4:C3 = acetic acid plus n-butyric acid:propionic acid ratio.
3 Significant difference among values for CTRL, LAC, and FOS (P < 0.05). 4 Significant difference between values for LAC, CTRL, FOS (P < 0.05).
5 Significant difference among values for CTRL, LAC, and FOS (P < 0.05).
6 Significant difference among values for CTRL, LAC, and FOS (P < 0.05).
7 Significant difference among values for CTRL, LAC, and FOS (P < 0.05).
8 Significant difference among values for CTRL, LAC, and FOS (P < 0.05).
9 Significant difference between values for LAC, CTRL, and FOS (P < 0.05).
ammonia and biogenic amines (Russell et al., 1983) . In humans (Vogt and Frey, 1997; Butterworth, 2003) and dogs (Howard et al., 2000) with renal and hepatic failure, prebiotics (and antibiotics) are used to reduce the amount of ammonia of bacterial origin that is absorbed into circulation and burdens the kidneys and liver. In fact, increased microbial fermentation leads to greater amounts of nitrogen converted into bacterial protein (Howard et al., 2000) . The administration of FOS at 31 g/kg of diet to adult cats has been reported to increase fecal bacterial N excretion as a consequence of increased microbial growth (Hesta et al., 2005) . In the present study, ammonia concentrations were significantly reduced by GOS after 6 h of incubation and by GA, LAC, and PEC after 24 h. At 24 h, FOS tended (P = 0.074) to reduce ammonia. Conversely, the fermentation of CF resulted in increased ammonia concentrations. Interestingly, the fermentation of GOS, FOS, and PEC resulted in increased concentrations of putrescine, a product of proteolytic reactions. Feeding GOS to adult cats (Biagi et al., 2013) reduced fecal ammonia but did not affect fecal concentrations of biogenic amines. In their study, Barry et al. (2010) observed increased fecal concentrations of several proteolytic metabolites, including ammonia, branched-chain fatty acids (BCFA), 4-methylphenol, indole, cadaverine, putrescine, and tryptamine in cats receiving FOS or pectins. However, in the previously cited study by Kanakupt et al. (2011) , feeding cats with FOS and/or GOS did not affect fecal concentrations of ammonia, 4-methylphenol, and indole but the combination of FOS and GOS increased fecal BCFA and tryptamine. It is known that bacteria belonging to the Clostridium cluster are a major constituent of feline intestinal microbiota (Ritchie et al., 2010) , presumably as a consequence of the carnivorous nature of cats. In fact, it has been seen that feeding a high-protein diet increases the Clostridium spp. population and shifts bacteria from carbolytic to proteolytic microbial species (Lubbs et al., 2009 ). Barry et al. (2010) hypothesized that, in the presence of high concentrations of proteolytic bacteria in the feline intestine, the addition of a prebiotic would not allow saccharolytic microbes such as lactobacilli and bifidobacteria to competitively exclude the proteolytic microbiota. In the present study, after 6 h of incubation, counts of C. perfringens showed an increase in association with the addition of CF, FOS, and PEC, while lactobacilli and bifidobacteria counts were not influenced by the treatments. Moreover, GOS, FOS, and PEC reduced ammonia but increased putrescine concentrations, making interpretation of the results very difficult, as both metabolites are produced during proteolytic reactions. Spano et al. (2010) highlighted the fact that several lactic acid bacteria (LAB) strains are able to produce biogenic amines by enzymatic decarboxylation of specific AA in response to acidic stress conditions. Therefore, because the fermentation of prebiotic substances by LAB results in lower environmental pH values, ammonia concentrations may be reduced because proteolytic strains are inhibited, but concentrations of biogenic amines may increase as a result of acid tolerance mechanisms activated by LAB. However, in the present study, fermentation of GA and LAC resulted in lower pH values without any increase in putrescine concentrations. Among the tested prebiotic substances, only LAC and PEC resulted in a reduction of Enterobacteriaceae, a large family of bacteria that includes undesirable bacterial pathogens such as Escherichia coli and Salmonella. The counts of enterococci, lactobacilli, and bifidobacteria were not affected by any treatment. These results are not in agreement with those of Barry et al. (2010) , who reported that pectins resulted in greater fecal counts of Lactobacillus spp., C. perfringens, and E. coli, whereas FOS resulted in greater Bifidobacterium spp. and lower E. coli fecal concentrations. In the study by Kanakupt et Table 7 . Bacterial counts (log cells/mL) at 6 and 24 h of an in vitro incubation of feline fecal inoculum with diets based on diets with different protein levels and in the presence of prebiotic substrates 1,2 al. (2011), both FOS and GOS increased fecal counts of Bifidobacterium spp. with no effect on Lactobacillus spp., C. perfringens, and E. coli populations. In another study with cats (Sparkes et al., 1998) Based on the results from the first in vitro study, it was decided to select FOS and LAC to be tested in the presence of 2 different protein levels. Lactitol was selected as it was the only prebiotic that significantly influenced the acetic to propionic acid ratio; moreover, LAC resulted in lower counts of Enterobacteriaceae and reduced ammonia without increasing putrescine and C. perfringens concentrations. In the first study, the results from the incubation of FOS, GOS, and PEC with feline microbiota were quite contradictory, so that the decision to select FOS and not GOS or PEC for the second study was based on the fact that, today, the pet food industry mainly uses FOS for prebiotic purposes. Finally, it was decided not to use GA as it did not affect most of the studied parameters or CF because it resulted in higher ammonia and counts of C. perfringens.
It has been seen that feeding protein-rich diets (CP at 529 g/kg of dietary DM) to adult cats strongly influences intestinal microbiota composition and results in greater C. perfringens and lower Bifidobacterium spp. fecal counts (Lubbs et al., 2009) . Similarly, feeding weaned kittens with high-protein diets (529 g CP/kg of dietary DM) negatively affected fecal bacteria, increasing Clostridium spp. and decreasing Bifidobacterium spp. counts (Hooda et al., 2012) . In another trial with adult cats (Bermingham et al., 2013) , feeding animals with a dry diet (containing, on a DM basis, 329 g/kg of CP and 459 g/kg of nitrogen-free extract) or a wet diet (containing, on a DM basis, 419 g/kg of CP and 53 g/kg of nitrogen-free extract) affected intestinal microbiota, with greater abundances of Lactobacillus spp. and lower abundances of Bacteroides spp. in cats fed the dry diet compared with cats fed the wet diet.
In the present study, the CTRL-HP diet was obtained by mixing a low-digestible meat meal from cattle and swine with the CTRL-LP diet. To reproduce the different amounts of undigested feed that would reach the animal hindgut when diets with different levels of digestibility are fed to cats, the LP and HP bottles contained different amounts of digested diets. In particular, each LP bottle contained 54 mg CP and 22 mg starch while HP bottles contained 368 mg CP and 11 mg starch (prebiotics were added at 40 mg per bottle).
After 24 h of incubation, pH values were affected by both the protein level and prebiotics. As expected, both FOS and LAC reduced pH whereas the CTRL-HPs resulted in higher pH values. Increased pH is presumably a consequence of the greater ammonia concentrations that were found in HP bottles. Contrary to what had been observed in the first in vitro study, the addition of LAC and FOS did not result in reduced ammonia concentrations. In a study with adult Beagles (Hesta et al., 2003) , the administration of FOS at 30 g/kg of diet failed to reduce fecal ammonia concentrations in dogs fed diets rich in poorly digestible protein. In the present study, ammonia was not the only proteolytic catabolite whose concentration was increased by HP; in fact, the CTRLHPs resulted in greater concentrations of biogenic amines. Confirming what had been observed during the first study, FOS significantly increased putrescine concentrations in the second study as well. Concentrations of BCFA were affected both by the protein level and prebiotics. While BCFA were increased by HP, the presence of FOS and LAC resulted in lower BCFA concentrations, with FOS being the most effective. After 24 h of incubation, the CTRL-HPs resulted in higher counts of C. perfringens and lower counts of Lactobacillus spp. and enterococci. Moreover, HP tended to increase Enterobacteriaceae counts. Confirming what had been reported by other authors (Lubbs et al., 2009; Hooda et al., 2012; Bermingham et al., 2013) , these results show that the presence of great amounts of undigested protein leads to enhanced microbial proteolytic activity, thus increasing the concentrations of harmful substances and undesirable bacteria and reducing the counts of beneficial microbes. Based on the present results, the efficacy of prebiotic substances in reducing proteolysis seems to be limited when protein rather than carbohydrates is the most available substrate for bacterial growth.
The prebiotics did not affect total VFA concentrations but, consistent with the reduced LAB counts that were observed in the HP bottles, the CTRL-HPs resulted in lower total VFA. Confirming the results from the first in vitro study, LAC reduced both the acetic acid to propionic acid ratio and the acetic acid plus n-butyric acid to propionic acid ratio. Interestingly, the prebiotic × protein interaction was significant for the proportions of acetic, propionic, and n-butyric acids, suggesting that the influence of prebiotics on feline microbiota may vary depending on the amount of available undigested protein. In fact, LAC resulted in great proportions of propionic acid when added to the LP bottles and great proportions of n-butyric acid when incubated in presence of the CTRL-HPs. In contrast, FOS resulted in greater proportions of n-butyric acid without any effect on propionic acid either in the presence of the LP or CTRL-HP.
The results from the present study show that different prebiotics exert different effects on the composition and activity of feline intestinal microbiota and that these effects may be influenced by dietary protein content. Moreover, this study has produced evidence that the in-clusion of a source of poorly digestible protein in a cat diet can have negative effects on the animal's intestinal environment by increasing the populations of undesirable microbes and bacterial proteolytic reactions.
